Introduction
The so-called fluorescent group of Pseudomonas produces peptidic siderophores when grown in an iron deficient medium. They all contain (1S)-5-amino-2,3-dihydro-8,9-dihydroxy-1 H-pyrimido-[l,2a]-quinoline-l-carboxylic acid (7a) or its 5,6-dihydro derivative as a chromophore. The 5-amino group is bound amidically to a small dicarboxylic acid (a member of the citric acid cycle) while the carboxylic group is linked to a peptide residue (not necessarily via its N-terminus). Noth ing is known so far about the biogenesis of the chromophore. In 1967 Maurer et al. [2] isolated a peptidic iron complexing pigment from cultures of Pseudomonas fluorescens ATCC 13525 which they named ferribactin and which lacked the typical pyoverdin chromophore. The amino acid compo sition determined by Maurer [2] was corrected in 1981 by Philson and Llinas [3, 4] 
to be
The Pseudomonas strain produces also a pyover din which except for Tyr and Glu possesses the same amino acid composition as ferribactin. It was suggested that ferribactin might be a precursor [3] [4] [5] or a degradation product [6] of the pyover din or an independent siderophore [7] . In the meantime in two strains of Pseudomonas aptata we discovered analogous pairs of pyoverdins and ferReprint requests to Prof. H. Budzikiewicz.
Verlag der Zeitschrift für Naturforschung. D-7400 Tübingen 0939-5075/91/0700-0527 $01.30/0 ribactins. Thus it seemed worthwhile to investigate the relationship of these two classes of compounds somewhat closer.
Results and Discussion
From cultures of Pseudomonas fluorescens ATCC 13 525 ferribactin was re-isolated by proce dures we commonly apply to the isolation of pyo verdins [8] . The compound thus obtained matches all the data reported for ferribactin including the amino acid composition with one exception: After hydrolysis of deferri-ferribactin with 6 n HC1 (21 h, 110 °C) and GC/MS analysis of the N/O-trifluoroacetyl «-butyl ester (TAB) derivatives only traces of Tyr were found, but a component with an M + m/z 589 was formed. This species disappeared when the crude acid hydrolysis product was treat ed with 1 n NaOH (15 h, 110 °C). Instead, larger amounts of Tyr and in addition 2,4-diaminobutyric acid (Dab) -which neither had been found by Maurer [2] or by Philson [3, 4] -could now be de tected. Apparently Tyr and Dab (the configura tion of which could be determined as l in agree ment with the ^-configuration of the chromophore 7 a, v. infra) form an acid-stable subunit of ferri bactin. This subunit (Tyr/Dab) proved to be the crucial part of all ferribactins and makes evident, as will be shown, that ferribactins are actually the precursors of the corresponding pyoverdins. This communication discusses the structure elucidation of Tyr/Dab; the complete structures of the various ferribactins will be reported elsewhere.
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NH-CO-CH 2-CH 2-CH(NH,)-COOH Tables I and II . The shifts and multiplicities of the Tyr part correspond to values reported for Tyr random-coil peptides [9] , The values of the H and C atoms of the Dab part agree well with those obtained for ectoin (3) [10, 11] , An equally suitable model compound for 2 could not be obtained, but for comparison pur poses the data for 4 are given in Table III .
At least to the extent a comparison is possible (4 lacks an N H 2 group at C-3) the differences in the chemical shifts and the X J CH coupling constants from those observed for Tyr/Dab are obvious. [12] in DMSO-d6 solution at 25 °C (Fig. 1) . The proton of the amidine system is apparently located on the N neighboring the y-CH2 group of Dab because only a cross peak with one of the y-CH2 signals was ob served. In contrast, the 'H N M R spectrum of the deferri-ferribactin C (v. infra) in H 20 / D 20 (9:1, pH 5) shows two broad signals at 9.50 und 9.60 ppm which could be attributed to the amidine system (y-NH and a-NH, resp.) by H O H A H A and NOESY at 5 °C using the jump-and-return meth od [13] for water suppression. These amidine pro tons exchange rapidly with water as evidenced by the significant broadening of the signals. Probably the following equilibrium exists: Also cross peaks (1, DMSO-d6) were observed which allowed to connect the resonances attribut ed to the butyric acid side chain in agreement with double resonance experiments (D 20 ) which upon irradiation at 2.04 ppm resulted in a simplification of the signals at 3.31 and 4.24 ppm. From a com parison with 3 as well as with literature data [15] the 1?C-signal in the region of 160-165 ppm has to be attributed to the amidine-C. The 13C-resonances of Tyr/Dab were identified by reverse heteronuclear 'H, 13C-correlation experiments in DMSO-d6 at 45 C using one-, two-and three- Table I and II. The unambiguous identification of the various H resonances allowed the crucial experiment to differentiate between 1 and 2: In an inverse heteronuclear 'H, ,3C shift correlation experiment [16] for C in D 20 the 2 D-map clearly shows 2/ CH cou pling of the amidine-C at 164.5 ppm with the H a (4.65 ppm) and V CH coupling with the H p protons (3.07 and 3.18 ppm) for Tyr, while the Ha of Dab at 4.35 ppm couples with the CO-signal at 171.2 ppm. If structure 2 were correct one would have observed 2J CH coupling of the amidine-C with the a-and V CH coupling with the H p of Dab. These experiments allow an unambiguous decision in fa vor of 1. In a recent publication [17] analogous condensation products of Dab and Ser or Gin have been postulated to form parts of the peptide chains of two pyoverdins from Pseudomonas flu o rescens strains. The basis for the structure assign ments analogous to 1 are the masses as determined by FAB-MS and 'H and 13C N M R data "very close to these of Dab, Ser and Gin, resp.". Alterna tive structures analogous to 2 have not been con sidered and -as it just has been shown -could not have been excluded by the data presented. U n less much more comparison material becomes available in future the crucial information will al ways have to come from a heteronuclear correla tion of the amidine carbon with the protons of the attached amino acid.
Correlation of the 'H-resonances of Tyr/Dab was achieved by a H O H A H A experiment
For all three ferribactins A, B and C L-glutamic acid is bound amidically by its 5-carboxyl group to the amino group of 1 giving 5. This has been shown, e.g., for C by 2 D-NOESY (5 °C). The ob servation of a cross peak of the Tyr-NH signal and the Glu-Hy signals (identified by 2D-HOHAHA, v. supra) together with the absence of a NOE for Tyr-NH with Glu-Ha proved the linkage via the 5-COOH group. This conclusion is confirmed by the absence of a pH influence on the shifts of GluHy and Glu-C-5. The free amino group of Glu has been confirmed by isolation and identification of 2 -dansylamino-glutaric acid after dansylation and HCl-hydrolysis as described earlier [18] [19] [20] .
1 comprises all the structural elements necessary for the formation of the pyoverdin chromophor 7 a: Ring closure between N-3 and the benzene ring yields a dihydroquinoline skeleton. Introduction of the second hydroxyl group to form the catechol unit (6 ) seems to occur at this stage since only dihydropyoverdins with both hydroxyl groups have been found to accompany the pyoverdins. G lu tamic acid forms a transamination equilibrium with a-ketoglutaric acid which by ways of the citric acid cycle leads to the other dicarboxylic acids en countered as bound to the pyoverdin chromophore [21] , 5 seems to be a separate building block common to all fluorescent pseudomonads to which the strain-specific peptide residue is at tached subsequently by peptide, amide or ester bonds (7b).
Experimental
The general procedures for the bacterial cul tures, the isolation and purification of the siderophores, the formation of the desferri compounds, the amino acid analysis and the determination of their configurations, the dansylation procedure etc. may be found in refs. [8, [18] [19] [20] . Further de tails will be presented in connection with the re port of the complete structure of the various ferri bactins.
Isolation o f l
Portions of 1 mg of deferri-ferribaction A were dissolved in 1 ml 6 n HC1 and hydrolysed at 110 °C for 21 h. The reaction product was evapo rated to dryness i.v. at 60 °C, redissolved in H 20 and brought to dryness three times in order to re move all HC1. Pure 1 was obtained by repeated HPLC on Polygosil 60-C 18 (7 ja) with 6 % C H 3OH and 0.1 % trifluoroacetic acid in H 20 for the sepa ration, 3% C H jOH and 0.1% trifluoroacetic acid for the purification.
The dry residue obtained after acid hydrolysis of A was dissolved in 1 ml 1 n NaOH and heated to 110 °C for 15 h. After cooling to room tempera ture 1 ml 6 n HC1 was added to the solution and an excess of HC1 was removed as described above. The free amino acids were transformed into their TAB derivatives and subjected to GC/M S analy sis.
Configuration o f Tyr and Dab
Since alkaline hydrolysis causes racemization the three deferri-ferribactins were hydrolysed with 6 n H I at 110 °C for 144 h. The mixture of amino acids was transformed into their N/O-trifluoroacetyl isopropyl esters and subjected to gas-chromatography on a Chirasil-Val-L column using D-and L-standards for comparison [19, 20] , 
Alkaline hydrolysis o f A
The H 20-resonance was suppressed using the jump-and-return method [13] or by presaturation during the relaxation delay. NOESY and MLEV17 H O H A H A data were acquired in the phase sensitive mode using the time proportional phase incrementation scheme (TPPI) [22] , The spectral width in F, and F2 was 5150 Hz. 512 experiments with 8 or 16 scans of 1024 com plex data points in t2 were collected. The time do main data were zero filled in F,. Resolution en hancement was obtained by apodization of the time domain data with a tt/3 shifted squared sine bell.
In HOHAHA-experiments the mixing time was 40 ms. For NOESY a mixing time of 200 ms yield ed the best results.
Reverse 'H, ,3C-correlation data were acquired with a proton spectral width of 5150 Hz and a car bon spectral width of 25,000 Hz as described by Bax et al. [23] and Bax and Summers [16] . The de lay for the evolution of long range couplings was 80 ms. For the observation of '/ CH-couplings a de lay of 3.33 ms was used. 256 (1) or 1024 (for C, in order to increase resolution in F,) experiments with 16 scans of 1024 complex points were accu mulated. The time domain data were zero filled in F,. Resolution enhancement in F, and F2 was ob tained by apodization of the time domain data with 7 c /2 shifted sine or squared sine bell.
